Objective: To present age-and sex-specific percentile curves for triceps and subscapular skinfold thickness, and to investigate long-term changes in skinfold thickness in children. Subjects/Methods: A cross-sectional study of children and adolescents was conducted in Jena/Germany in 2005/2006. The sample consisted of 2132 children (1018 girls and 1114 boys) aged 7-14 years and equated to the anthropometric characteristics of the German sample included in the reference values for body mass index (BMI). Height, weight and triceps and subscapular skinfold measurements were obtained using standardized methods. Smoothed percentile curves for triceps and subscapular skinfold thickness were derived by the LMS method. Data were compared with historical data of Jena schoolchildren from 1975. Results: In both sexes, skinfold thickness increased between 7 and 14 years of age in a sex-specific pattern, with generally higher median values for triceps and subscapular skinfold in girls than boys. A comparison with skinfold thickness measured in Jena schoolchildren three decades ago showed a significant increase in subcutaneous fat. The changes in the lower range (below the tenth percentile) of the distribution exceed those in the upper range (above the 90th percentile) for both triceps and subscapular skinfold in both sexes. Furthermore, this gain in subcutaneous fat mainly occurred in underweight and normalweight subjects, whereas skinfold thickness remained nearly unchanged in overweight subjects.
Introduction
Prevalence of overweight and obesity is an increasing problem in children and adolescents worldwide. Obesity in children is likely to persist into adulthood (Reilly et al., 2003) and increases the risk of metabolic diseases, such as atherogenic lipoprotein profile, glucose intolerance, insulin resistance and high blood pressure (McCarthy, 2006) . The hallmark of obesity is an excessive accumulation of body fat, which is related to health status (Sardinha et al., 1999) . Although body mass index (BMI) is commonly used as a surrogate measure of adiposity (Freedman et al., 2005) , it has several limitations. BMI cannot distinguish between lean body mass and fat mass, and may therefore lead to misclassification . Interpretation of BMI in children and adolescents is complicated by different changes of lean body mass and fat mass during growth and development (Freedman et al., 2005) . A direct measure of body fat is of importance in clinical settings, and many areas of obesity-and nutrition-related research. Various techniques (for example, DXA, CT, Bod Pod) to assess body fat exist, but most of them are complex, time-consuming and expensive . Skinfold thickness measurements are widely used to assess body fat because the measurements are non-invasive, simple and less expensive than laboratory-based techniques . Skinfold thickness is an important and valid anthropometric indicator of the amount of subcutaneous fat tissue and regional fatness (Sarria et al., 1998; Liem et al., 2009) . The two most frequently taken skinfold measurements are the triceps and subscapular sites. Expert panels from the United States of America suggest measurement of these two skinfolds as part of in-depth medical assessments for adolescents with increased BMI (Himes and Dietz, 1994) . However, Freedman et al. (2007) found that the additional information provided by skinfolds varies substantially according to the BMI level. The results of their study indicate that skinfold thicknesses have the potential to substantially improve the prediction of adiposity among 5-to 18-year-old non-overweight children, whereas improvement among overweight children (BMIX95th percentile) is small. Skinfold measurements can identify children with moderately elevated levels of BMI who truly have excess body fat or adverse risk factor levels (Freedman and Sherry, 2009 ). For example, triceps skinfold measurements are more predictive of high serum lipid and lipoprotein profiles than BMI (Freedman et al., 1985) .
In Germany reference data based on a greater sample of 1.5-to 16-year-old children and adolescents were published 30 years ago (Reinken et al., 1980) . The most recent listed percentile values for triceps and subscapular skinfold thickness are restricted to age subsets, for example, 6.5-to 8.5-year-old (Nagel et al., 2009) or 12-to 18-year old (Haas et al., 2011) children. In the nationwide German Health Interview and Examination Survey for Children and Adolescents (KIGGS), skinfold thickness was measured. However, the tabulated results are restricted to mean values and confidence intervals; the 50th percentile is shown only graphically (Stolzenberg et al., 2007) . Therefore, the purpose of our study was to provide age-and sex-specific percentiles for triceps and subscapular skinfold thicknesses based on data for 7-to 14-year-old children and adolescents. The weight status of the subjects of our sample corresponds with the German BMI reference for children and adolescents. This analogy in the weight status allows a general usage of the data presented here for evaluating body fat in German children and adolescents until nationally representative percentiles are available.
Additionally 
Subjects and methods
The study is based on data from 2132 children and adolescents (1114 boys and 1018 girls) aged 7-14 years from a cross-sectional survey conducted in Jena (Germany) in 2005/2006 . Because in anthropological terms the age groups refer to the midpoint of the interval (for example, the age group 7 years comprises 6.5-7.5 years), our sample includes subjects from 6.5-14.5 years. Group size by age and sex is shown in Table 1 . All children were of German nationality and the sample represents approximately 25% of all Jena children 7-14 years of age.
The Regional Ethics Committee of the Jena University Hospital approved the study. Written informed consent was obtained from the children's parents.
Anthropometric measurements included stature, weight and skinfold thickness. Stature was measured to the nearest 0.1 cm according to the standardized technique described by Martin and Saller (1957) , using a Martin anthropometer. Body weight was measured to the nearest 100 g using a calibrated electronic scale, in light underclothes. No adjustments were made for clothing. BMI was calculated as body weight (kg) divided by stature squared (m 2 ). All skinfolds were measured in triplicate according to Tanner and Whitehouse (1962) by four well trained observers to the nearest 1 mm, on the right-hand side of the body using a Lange caliper. The triceps skinfold was measured on the relaxed right arm, over the midpoint of the triceps muscle between the acromion and olecranon process. The subscapular skinfold was measured just below the inferior angle of the right scapula and was picked up in a vertical line parallel to the scapula line. The mean value of the three (Kromeyer-Hauschild and Jaeger, 1998) .
To analyse skinfold thickness in relation to weight status, the children were classified as underweight, normal-weight or overweight according to BMI reference data for German children recommended by the 'Arbeitsgemeinschaft Adipositas im Kindes-und Jugendalter' (AGA) (KromeyerHauschild et al., 2001) . Children whose BMI was below the 10th age-and sex-specific percentile of this reference were considered underweight, and those above the 90th percentile were considered overweight.
The same reference data for German children were used to calculate s.d. scores (SDS) for height, weight and BMI to characterize the study population.
Statistical analysis
Percentile values for triceps and subscapular skinfold thicknesses for age and sex were calculated by Cole's LMS method (Cole and Green, 1992) using the programme LMSchartmaker Pro (version 2.54; http://healthforallchildren.co.uk/; 2011). This method summarizes the distribution by three smoothed curves, L(t), M(t) and S(t), respectively, the Box-Cox power of transformation to normality, the median and the coefficient of variation at time (t). The fit of the curves was evaluated by a graphical comparison of the smoothed percentiles with the empirical percentiles, and by examining the percentage of the data outside the smoothed percentiles. Goodness-of-fit was examined by Q-Tests (Pan and Cole, 2004) and Worm plots (van Buuren and Fredriks, 2001 ). The Q-statistics curves of M, L and S were within the range of À2 and þ 2 for both skinfolds in boys and girls. Whereas the Q-statistics curves of kurtosis for triceps skinfold in both sexes was also in this range, for subscapular skinfold it was approximately 4 in boys, and between 3 and 4 in girls, indicating a higher peak and thin tails in the distribution.
The points in the detrended Q-Q plots for triceps skinfold followed almost perfect a horizontal curve, but in subscapular skinfold a cubic (S-shaped) curve, indicating kurtosis. When comparing the distribution of Z-scores between nominal percentiles to expectation assuming normality (for example, 2.4% and 3.1% residuals outside the third and 97th percentiles, respectively), there was little evidence of light or heavy tails compared with normality. The worm plots for triceps skinfold were flatter, but cubic shapes were more frequent in subscapular skinfolds and in older age groups. Because the majority of the points were in the 95% confidence interval, our overall conclusion was that the models fit the data well.
Comparison between 1975 and 2005/2006
The extent of the changes of skinfold thickness was determined for the whole sample and in different weight categories. Therefore all individual skinfold thickness data were converted to SDS values to adjust for age, according to the formula
, where X ¼ individual skinfold thickness value; L, M and S for individual age (t); and sex, using the LMS values of the skinfold thickness presented here. Shifts in the distribution of skinfold thickness between 1975 and 2005/2006 were investigated by comparing the changes in the proportion of subjects below the current 10th percentile and above the 90th percentile, respectively, by w 2 -test. To identify factors related to skinfold-SDS, multiple regression analyses with BMI-SDS, sex and year of investigation as potential independent variables were performed. A backward stepwise selection procedure was applied to ensure that variables not significantly contributing to the fit of the model were excluded. Skinfold thickness in 7-to 14-year-old children and adolescents K Kromeyer-Hauschild et al Statistical inferences were drawn at a significance level of 5%. Analyses were performed using the SPSS 17.0 software (SPSS Inc., Chicago, IL, USA).
Results
In Table 1 , the study characteristics are shown for girls and boys, respectively. Means for height-, weight-and BMI-SDS values are close to 0, and s.d. are close to 1, in both sexes, indicating that our sample characteristics were similar to those of the sample included in the German reference values for BMI (Kromeyer-Hauschild et al., 2001) . The prevalence of overweight was 10.1% in boys (including 3.0% obese) and 9.0% in girls (including 2.2% obese).
Figures 1 and 2 present the smoothed percentile curves for triceps and subscapular skinfold thicknesses for boys and girls aged 7-14 years. The corresponding data, including L and S values, are presented in Tables 2 and 3 . These data are tabulated at exact decimal ages (by subtracting the date of investigation from the date of birth) and for clinical assessment they need to be linearly interpolated to the age of the subject. In epidemiological studies, with age points at 1-year width, the mid-point value should be used (for example, age 7.5 for the 7.0-7.99 age group).
The median values for triceps as well as subscapular skinfold thickness increased in a sex-specific pattern with age. In all age classes, girls had higher median values than boys. In boys, the triceps skinfold peaked at 12 years and subsequently decreased, whereas in girls the triceps skinfold steadily increased. The subscapular skinfold rose steadily in both sexes between 7 and 14 years of age. Generally, the difference between the upper percentile levels considerably exceeded those of the lower levels reflecting the positive skewness in the distributions. (Table 4 ). This is clearest in triceps skinfold thickness in boys, which increased on average by 39.1% (3.4 mm). In girls, this increase amounted to 21.0% (2.4 mm). The average increase in subscapular skinfold thickness was 25.0% (1.4 mm) in boys and 17.9% (1.3 mm) in girls. Upward shifts in the whole distribution of triceps as well as subscapular the SDS values showed a significant increase in underweight and normal-weight subjects. This increase was much more marked in the underweight subjects. By contrast, the subcutaneous fat remained nearly unchanged in the overweight subjects. This observation is in line with the findings according to the changes in the distribution of skinfold thicknesses described above. When comparing the changes of SDS values of skinfolds and BMI in the observation period, the relationship between BMI and body fat changes over time. Our analysis showed no changes in the mean BMI-SDS in underweight children and a lesser increase in mean BMI-SDS compared with the SDS values in skinfolds in normalweight children over the three decades (Figure 4) . Skinfold thickness in 7-to 14-year-old children and adolescents K Kromeyer-Hauschild et al
The backward stepwise selection produced the following equations for the skinfold-SDS estimates: 
Discussion
This study provides smoothed percentile curves for triceps and subscapular skinfold thicknesses for 7-to 14-year-old children and adolescents. The shape of the median curves for triceps and subscapular skinfold thicknesses of Jena schoolchildren matches the well-known age changes of these subcutaneous fat measures described in German (Stolzenberg et al., 2007) , and in UK and US children and adolescents (Tanner and Whitehouse, 1975; Addo and Himes, 2010) , and confirms the sexual dimorphism in body fat accumulation.
Although our sample is not representative of the general German population, the accordance in anthropometric characteristics between the sample of the Jena study and the German sample included in the reference values for BMI (Kromeyer-Hauschild et al., 2001 ) supports the use of our age-and sex-specific percentiles for German children, until population-specific percentiles are developed using a nationwide sample. Moreover, the prevalence of overweight and obesity in our sample approximately corresponds to the expected values of the national BMI reference, which show that 10.1% of boys were overweight, including 3.0% obese subjects, whereas 9.0% of girls were overweight, including 2.2% obese subjects (see Table 1 ). However, the percentiles presented here are only applicable as reference values to skinfold measurements taken with the same standardized technique using a Lange caliper (applied also, for example, in National Health Examination Surveys (NHES), and in National Health and Nutrition Examination Surveys (NHANES) I and II) (Addo and Himes, 2010) . Studies that compared various calipers found them to produce different results, although there is international agreement that all skinfold calipers should exert a constant pressure of 10 g mm À2 at all openings. A number of researchers reported that skinfolds measured with Lange calipers produce significantly larger values compared with Harpenden calipers (Gruber et al., 1990) . Because skinfold assessments are susceptible to measurement errors the measurements require standardized training and considerable experience. The findings concerning secular increase in skinfold thickness in Jena children indicate that the references presented here represent the range of skinfold values found at present in our children, but might not be the optimal Skinfold thickness in 7-to 14-year-old children and adolescents K Kromeyer-Hauschild et al values for an optimally nourished paediatric population. Appropriate interpretation of results from our reference requires awareness of this. Certainly, children below the third and above the 97th percentile would be generally considered to have a lack or an excess of fatness, respectively. However, analyses that incorporate both clinical information and skinfold thicknesses are needed to determine appropriate cut-off values for identifying subjects with health risk. As the design of our study did not include such criteria, further studies are needed.
Comparison of skinfold thickness in Jena schoolchildren from 2005/2006 with those obtained three decades ago showed a significant increase in triceps as well as subscapular skinfold thickness. In a meta-analysis of 154 studies of 0-to 18-year olds in developed countries, Olds (2009) found that triceps skinfold thickness increased at a rate of 0.49 mm per decade over the period . Subscapular skinfold thickness increased at 0.38 mm per decade in this period. In our study only a slightly higher rate of increase was seen in subscapular skinfolds (0.48 mm per decade in boys, 0.43 mm per decade in girls), whereas the increases in triceps skinfold thicknesses were more marked (1.11 mm in boys, 0.80 mm in girls per decade) than those reported by Olds. Differences in the age range and the considered investigation period might explain these differences. The meta-analysis showed that the rate of increase was greatest in 10-to 14-year olds and became markedly steeper after about 1980.
There are controversial findings in the literature concerning changes over time in the pattern of fat gain in the limbs and trunk. Whereas we found higher increases in triceps than subscapular skinfold thicknesses, which was consistent with studies by Savage et al. (1999) and Nagel et al. (2009) , Juliusson et al. (2010) , Olds (2009) reported changes to a truncal fat distribution, which was marked by a decreasing triceps/subscapular ratio.
Our regression models developed for skinfold-SDS values revealed that boys and girls had higher skinfold-SDS values corresponding to the BMI-SDS thresholds for underweight (À1.28) and overweight ( þ 1.28) in 2005/2006 than in 1975, indicating an increase in body fatness for a given BMI-SDS. The increase in subcutaneous fat in Jena children and adolescents varies by degree of fatness. The changes below the 10th percentile exceed those above the 90th percentile in both triceps and subscapular skinfolds, and in both sexes. This finding is emphasized by the long-term changes in skinfold thickness in the different weight categories in our study. The gain in subcutaneous fat occurs mainly in underweight and normal-weight but not in overweight subjects. These results are confirmed by the study by Nagel et al. (2009) , where increase of skinfold thickness became particularly apparent in normal-weight children. Thus the long-term increase in body fatness seems to be a characteristic feature of great proportions of the population. Moreover, we found a higher increase in skinfold-SDS than BMI-SDS in underweight and normal-weight children over time (Figure 4) , indicating a greater body fatness for a given BMI. These findings are consistent with results from other studies (Moreno et al., 2001; Wells et al., 2002) .
These results suggest that the commonly accepted BMIbased assessment of overweight and obesity may be underestimating the number of children with enhanced levels of body fat. Therefore, public health attention should not only focus on the prevalence rates of overweight and obesity, but Skinfold thickness in 7-to 14-year-old children and adolescents K Kromeyer-Hauschild et al also on the assessment of body composition and early identification of changes in body fat in the entire population. Our findings emphasize the need for reference values for skinfolds to separate body mass from adiposity per se. There are some limitations that must be considered when interpreting the results of the present study. The reliability of skinfold measurements depends on the accuracy of the measurements and therefore requires careful training. Errors of skinfold measurements are frequently proportional to the thickness of subcutaneous fat (Ulijaszek and Kerr, 1999) and may contribute to larger measurement errors among overweight children. This may reduce the amount of information provided by skinfold thicknesses , and particularly results in overweight children should be interpreted with caution. A further limitation of our study is that we did not control the secular trend in skinfold thickness for maturity, although earlier maturation is known to account for changes in body composition (Thompson et al., 2002) . However, the difference in menarcheal age between girls in 1975 and 2005/2006 is relatively small and thus should not have a major influence on our results.
In summary, the reference data presented here provide essential sex-and age-specific criteria for use both in classification of individuals and in the evaluation of secular trends. The changes in skinfold thicknesses indicate an unfavourable increase in adiposity, as well as an unfavourable change in the relationship between BMI and body fat, in children and adolescents over time.
